Aim: The objective of this study was to evaluate whether musculoskeletal (MS) ultrasound (US) can be useful in helping medical students to detect joint inflammation through physical examination. Material and methods: The study was performed by two groups of four 6 th year medical students. None had received any previous training in the clinical examination of joints or the use of ultrasound. Students were put through a 5-session training programme on the clinical detection of either knee [group 1] or metacarpophalangeal (MCP) [group 2] inflammation. After an initial training session on physical examination of normal and inflamed joints, the students examined 170 joints from 41 patients attending the hospital outpatient clinic in 4 separate sessions. The same joints were assessed for synovitis with US with the ensuing data compared to that of the students and analyzed for concordance with Cohen's unweighted kappa. Results: In total 60 knees [group 1] and 110 MCP [group 2] were evaluated. The agreement between the presence of arthritis detected by the students in the four sessions and the presence of synovitis detected by US improved from the session I to sessions III with a marked improvement in the last session. Conclusions: MSUS may be an effective technique for helping students to acquire the ability to detect joint inflammation.
Introduction
For the sixth year students of medicine there is no current training on detecting inflamed joints through physical examination. The scope of this paper was to examine whether musculoskeletal ultrasound (MSUS) might be useful as a diagnostic tool to help students acquire competence and skills in this area.
This exercise was conducted in conjunction with experienced rheumatologists, for whom joint inflammation or arthritis is the most characteristic clinical manifestation of many rheumatic diseases. For these doctors the ability to identify inflammation in symptomatic joints is paramount. This is achieved through external observation and palpation, with pathologic joints determined through abnormalities to anatomical structures such as soft tissue under or between the bones, liquid matter, tenderness, swelling or warmth. However, even for experts, the clinical detection of joint inflammation through physical examination is not always easy, evidenced by relatively low peer consensus or interobserver reliability, estimated at 0.29 and 0.98 [1] [2] [3] .
The diagnosis process can be improved, however, through MSUS which is a diagnostic imaging technique based on the use of ultrasound to view internal structures. Employed in many countries, including Spain, the technique is more sensitive and accurate than the physical examination in detecting inflammation in limb joints [4, 5] . Furthermore, MSUS has proven to be a useful tool in helping medical undergraduates broaden their understanding of anatomy [6] [7] [8] . Its use has extended to areas other than rheumatology to enable physicians another perspective on internal structures. Additionally, MSUS can also be used by the patient to self-assess joint inflammation [9] .
To the best our knowledge, there are no training methods or studies reported which evaluate MSUS as a teaching tool to aid medical students in the clinical detection of joint inflammation [3] .
We hypothesized that the complementary use of MSUS as a diagnostic tool could help medical students to distinguish normal joints from those presenting arthritis. Therefore, the aim of this study was to test whether MSUS is effective as a teaching tool.
Material and methods

Study design
This study was conducted by the Department of Rheumatology, University Hospital Gregorio Marañón, Madrid, Spain, from September to December 2015. It was approved by the Ethics Committee of Clinical Investigation and conducted in accordance with the Declaration of Helsinki. All patients who participated signed the informed consent.
Two groups of 6 th year medical students of the Complutense University, Madrid (Spain) conducted the study. Each group comprised 4 students -1 male and 3 female in both cases -none of whom had any previous training in joint or ultrasound examination.
The study consisted of five sessions as follows: a) Training session: a 2-hour training session was given on the clinical detection of inflammation in either the knee [ Students were then trained by consultant rheumatologists (IJ, JCN) in how to detect inflammation in target joints through physical examination. This was demonstrated with rheumatic patients attending the outpatient clinic on that particular day presenting varying degrees of clinical inflammation.
b) Sessions I to IV: the first session was conducted one week after the training session with the second conducted one week following the first. A 10-week break ensued to prevent any possible influence of external factors -such as exams -in the results. The third and fourth training sessions were then held, with a week's interlude, as illustrated in figure 1.
Patients were selected by the consultant rheumatologists and split into 2 groups according to whether their pathology/ inflammation was that of a knee-related rheumatic disease [group 1] or rheumatoid arthritis (RA) [group 2]. Patient selection coincided with medical appointments that day and data gathered included age, sex, medication, and disease duration.
Patients in their respective groups underwent examination by all 4 students, one by one. Students introduced themselves to the patients and started the palpation of either the knee [group 1] or MCP [group 2] joints, recording on a data collection sheet whether there was inflammation or not. It is important to note that there was no communication between the students during the process so as to avoid any potential results bias.
Immediately after the clinical examination performed by the 4 students, a third, senior consultant rheumatologist (EN) (different from the training session rheumatologists), with 20 years of experience in MSUS and blinded to students' results, performed an US examination of the knee [group 1] and MCP [group 2] joints of patients to detect the presence of B-mode synovitis, i.e. joint inflammation. This US examination was carried out in the presence of the students and the above ultrasonographer explained the anatomic structures and told the students the findings and the location of the synovitis if present.
The US examination consisted of a systematic longitudinal and transverse multiplanar examination of knee [group 1] and MCP joints [group 2] using a real-time scanner (Logiq E9, GE Medical Systems Ultrasound and Primary Care Diagnostics, Wauwatosa, WI, USA) equipped with a multi-frequency linear matrix array transducer (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Machine settings were optimized before the study and standardized for the whole study. For the knee, the following recesses were examined: suprapatellar, parapatellar medial and lateral. For the MCP joints, the dorsal recess was assessed.
Synovitis was defined under Outcome Measures in Rheumatology (OMERACT) definitions as the presence of either effusion or synovial hypertrophy [10] . Synovitis was graduated using a semi-quantitative grade scale, as follows: grade 0 -absence, grade 1 -mild, grade 2 -moderate, grade 3 -marked [11] .
Students were then given the opportunity to clinically re-explore the joints so as to hone their clinical skills, whilst using feedback from ultrasound results as a reference.
Statistical analysis
Concordance between the clinical detection of arthritis by the students and the presence of ultrasound joint inflammation was analysed by Cohen's unweighted kappa. The US score of synovitis was dichotomized as follows: Grades 0 and 1, absence of arthritis; grades 2 and 3, presence of arthritis. The interobserver agreement between the students was evaluated by the Fleiss kappa test [12] . Any p value < 0.05 was considered significant.
Results
Patient characteristics
Group 1.Thirty patients were included with a mean (SD, range) age of 58.5 (18.0, 25-89) years, 10 (33.3%) being male, with a mean (SD, range) disease duration of 9.9 (6.9, 1-25) years and the following diagnosis: 16 with rheumatoid arthritis (RA) (53.3%), 5 (16.7%) with osteoarthritis, 2 (6.7%) with connective tissue disease, 6 (20.0%) with spondyloarthropathy, and 1 (3.3 %) with gout.
Eleven patients (36.7%) received synthetic diseasemodifying anti-rheumatic drugs (DMARDs), 6 (20.0%) biological DMARDs, 3 (10.0%) synthetic and biological DMARDs, 2 (6.7%) anti-hyperuricemic drugs, and 8 (26.7%) did not receive any treatment.
Out of the 60 knees studied, 7 were explored in session I; 7 in session II; 8 in session III; and 8 in session IV.
Group 2. Eleven patients with RA were included with a mean (SD, range) age of 70.8 (8.3, 54-81) years and with a mean (SD, range) disease duration of 157 (125.2, 13-408) months.
One (9.1%) patient did not receive any DMARDs, 4 (36.4%) received synthetic DMARDs, 3 (27.3%) received biological DMARDs and 3 (27.3%) received synthetic and biological DMARDs. Three (27.3%) were receiving non-steroidal anti-inflammatory drugs (NSAIDs), 2 (18.2%) corticosteroids and another 2 (18.2%) were undergoing NSAIDs plus corticosteroid therapy.
Out of the 11 patients studied, 2 were explored in session I, 3 in session II, 3 in session III and 3 in session IV.
Clinical and US findings Group 1. The students explored 14 knees during session I, 14 knees in session II, 16 knees in session III, and 16 knees in session IV. All knees (a total of 60) were examined by US.
Group 2. The students explored 20 MCP joints during session I, 30 MCP joints session II, 30 MCP joints session III, and 30 MCP joints session IV. All MCP joints (a total of 110) were examined by US.
The prevalence of arthritis detected by the students by clinical examination is shown in table I.
Agreement between students and US findings Group 1. Table II displays the agreement between the presence of student-detected knee arthritis by clinical examination in the four sessions and the presence of US-detected synovitis. The kappa values increased in the session III and especially in the session IV. There was a significant improvement in the agreement between session I and session III (p=0.017), session I and session IV (p=0.005), session II and session IV (p=0.001), and session III and session IV (p=0.01). Group 2. Table III displays the agreement between the presence of student-detected MCP arthritis and the presence of US-detected synovitis over the 4 sessions. There seems to be a slight increase in the kappa values in session III. However, three out of 4 students produced clearly better results in session IV. There was a significant improvement in the agreement between session I and session III (p=0.024), session I and session IV (p=<0.001), session II and session IV (p=0.002) and session III and session IV (p=0.013).
Agreement between students Group 1. The agreement between students improved from session I to session III, being good in the latter. However, less agreement was observed in the last session (Table IV) .
Group 2. The agreement between students improved from session I to session IV (Table V) . Table II . Agreement between the presence of arthritis detected by the students (group 1) and the presence of synovitis detected by US. Table III . Agreement between the presence of arthritis detected by the students (group 2) and the presence of synovitis detected by US. 
Session
Discussions
US has been used in various studies to improve medical students' clinical examination skills [13] [14] [15] [16] . The majority of the studies focused on students' skills to detect liver margins [13, 14] , inferior limit of the lung or thyroid size [15] , or to localize femoral artery and vein [16] .
The results of our study showed that medical students significantly improved their skills in the detection of synovitis in target joints using US as an educational tool for feedback. Overall, interobserver agreement improved over the duration of the training course proving no worse than that reported from expert physicians in the field [1] [2] [3] .
The main weakness of the study is the lack of group control. This means that we cannot be sure that clinical examination improvement was only due to the US feedback; results may have been similar even without US. Additionally, US joint inflammation scores were dichotomised. The argument for considering grade 0 and 1 of US synovitis as absence of clinical inflammation is that both can be observed in normal joints [17] . Another weakness of this study is that we did not assess the student's opinion regarding potential self-confidence improvement or educational value of the training program. On the other hand, one of the study strengths was that the students were unaware of their colleagues' evaluation and the ultrasonographer was unaware of the students' evaluation. Additionally, students reached levels of interobserver reliability when assessing joints similar to that of their more experienced, veteran colleagues, experts in the musculoskeletical field [1] [2] [3] , although a larger group of patients would be required to substantiate this further. 
